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FUHHS GHIRUPDWLRQ DQG IDWLJXH HQGXUDQFH HWF $OO WKH PDWHULDO SURSHUWLHV DUH VXPPDUL]HG LQ 7DEOH  IRU WKH
WHPSHUDWXUHVRILQWHUHVW
2.3.1. Physical properties 
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2.3.2. Monotonic tensile properties 
7KHORZHUERXQG\LHOGVWUHVV6\LVWDNHQIURPUHI>@
2.3.3. Shakedown factors 
7KH VKDNHGRZQ IDFWRUV.V DUH WDNHQ IURP5Y)LJXUH IRU7\SHPDWHULDO.V6\JLYHV WKH ODUJHVW
VHPLVWUHVVUDQJHIRUZKLFKWKHPDWHULDOKDVQRUDWFKHWWLQJ
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2.3.7. Creep ductility 
7KHORZHUERXQGXQLD[LDOFUHHSGXFWLOLW\RI+SDUHQWPDWHULDOLHLVXVHGLQWKHDVVHVVPHQW)RU
SDUHQWPDWHULDOWKHVWUHVVPRGLILHGGXFWLOLW\H[KDXVWLRQDSSURDFK60'(LVJLYHQLQ5Y$7KHPXOWL
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7KH60'(DSSURDFK LVQRW UHFRPPHQGHG WREHXVHGIRUZHOGPHQWGXHWRSHQGLQJYDOLGDWLRQRI WKHDSSURDFK
7KHUHIRUHIRUZHOGPHWDOWKHPXOWLD[LDOHIIHFWRQFUHHSGXFWLOLW\LVFRQVLGHUHGXVLQJ6SLQGOHUIUDFWLRQIDFWRU
7KH UHODWLRQVKLS EHWZHHQ PXOWLD[LDO FUHHS GXFWLOLW\ DQG VWUHVV VWDWH LV JLYHQ LQ $SSHQGL[ $ RI 5 Y DQG
SUHVHQWHGEHORZ





































2.3.8. Fatigue endurance 
7KHPHDQIDWLJXHHQGXUDQFHGDWD(TVDQGDUH WDNHQIURP>@IRU+PDWHULDO/RZHUERXQGIDWLJXH
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3.1. Elastic stress analysis 
7KHHODVWLFVWUHVVUDQJHVDUHFDOFXODWHGEDVHGRQWKHWKHUPDODQGPHFKDQLFDO)(DQDO\VHVDQGDUHVKRZQLQ7DEOH

3.2. Margin against plastic collapse 
3ODVWLF FROODSVH ZDV FKHFNHG IRU WKH SULPDU\ PHPEUDQH HTXLYDOHQW VWUHVV 3P  WKH VXP RI WKH ORFDO SULPDU\
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,Q7DEOH6\ƍLVHTXDOWRWKHORZHUERXQGSURRIVWUHVVZKHQFUHHSVWUHVVH[SRQHQWODUJHUWKDQRUHTXDOWR,W
VKRZV WKH UHTXLUHGPDUJLQV DUHPHW H[FHSW IRU WKH HTXLYDOHQW VWUHVV UDQJHZKLFK LV DGGUHVVHG LQ WKH VKDNHGRZQ
DVVHVVPHQW
3.3. Demonstrate creep rupture endurance  
7KH UHIHUHQFH VWUHVVHV DUH FDOFXODWHG XVLQJ WKH IRUPXOD JLYHQ LQ >@ IRU DQ XQFUDFNHG F\OLQGHU VXEMHFWHG WR
SUHVVXUH PRPHQW DQG D[LDO ORDG DW & 7KH ERXQGLQJ UHIHUHQFH VWUHVV VUHI  FDOFXODWHG LV 03D 7KH
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3.4. Shakedown and insignificant cycles check 
6KDNHGRZQ FKHFN LV WR HQVXUH WKH DYRLGDQFH RI UDWFKHWWLQJ RU LQFUHPHQWDO FROODSVH  7KH VLPSOH FKHFN




3.5. Assessment methodologies and cycle construction 
7KHORDGF\FOHFRQVWUXFWLRQIROORZVWKHJXLGHOLQHVJLYHQLQ$SSHQGL[HV$DQG$RI5Y$W\SLFDOF\FOHLV
VKRZQLQ)LJ7KHGHWDLOHGPHWKRGRORJLHVDQGFRQVWUXFWLRQSURFHVVHVDUHGHVFULEHGEHORZ
3.5.1. Determination of strain range 
7KHVWUDLQUDQJHRIWKHILUVWKDOIF\FOHZLWKRXWFUHHSIURPSRLQWV$WR&DQGWKHVWUHVVDQGVWUDLQUDQJHVRIWKH
VHFRQGKDOIF\FOHIURPSRLQWV(DQG$ƍH[FHSWIRU3RLQW)DUHGHWHUPLQHGE\VROYLQJWKHIROORZLQJHTXDWLRQV
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)RU Del VV ' 













3.5.2. Strain volumetric correction 
7KHVWUDLQUDQJHLVHQKDQFHGE\ volH' DFFRXQWLQJIRUWKHVWUDLQUDQJHGXHWR3RLVVRQ¶VUDWLRFKDQJHQRWDFFRXQWHG
IRUGXULQJWKHHYDOXDWLRQRIWKHHODVWLFSODVWLFVWUDLQUDQJH7KHYROXPHFRUUHFWLRQLVHYDOXDWHGE\
elvvol K HH ' '    
+HUH .Y LV D IDFWRU UHODWHG WKH3RLVVRQ¶V UDWLR DQG WKH VHFDQWPRGXOXVPHDVXUHG IURP WKH F\FOLF VWUHVVVWUDLQ
FXUYHDQGGHILQHGLQ$SSHQGL[$RI5YROXPH
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3.5.3. Enhancement of strain range for weldment 
:KHQXVLQJWKHSDUHQWF\FOLFVWUHVVVWUDLQGDWDIRUWKHZHOGPHQWWKHFDOFXODWHGVWUDLQIROORZLQJWKHYROXPHWULF
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
+HUH  tTcc HVH LVWKHFUHHSVWUDLQUDWHDWWKHLQVWDQWDQHRXVHTXLYDOHQWFUHHSVWUDLQ cH HTXLYDOHQWVWUHVVV WKHWLPH
tDQGWKHWHPSHUDWXUHT  tTcrefRc HVH LVWKHVDPHDV  tTcc HVH EXWDWWKHFRQVWDQWFUHHSUXSWXUHUHIHUHQFHVWUHVV
ref
RV RU D VWHDG\ VWDWH FUHHS VWUHVV ,Q WKHFDOFXODWLRQ LI WKH VWDUWRIGZHOO VWUHVV LVEHORZ WKH UXSWXUH UHIHUHQFH
VWUHVV WKH FUHHSGHIRUPDWLRQ LV FRQVHUYDWLYHO\ DVVXPHG WR RFFXU DW WKH UXSWXUH UHIHUHQFH VWUHVV&UHHS UHOD[DWLRQ
GXULQJWKHVWHDG\VWDWHRSHUDWLRQLVFRYHUHGE\WKHLQVWDELOLW\FRQGLWLRQZKLFKLVFRQVLGHUHGWREHFRQVHUYDWLYH

3.6. Assessment results 
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3.7. Calculation of creep and fatigue damage 




















7KH ORZHUERXQGPXOWLD[LDOGXFWLOLW\PRGHO LVXVHGIRUZHOGPHWDOXVLQJ WKH6SLQGOHU IUDFWLRQIDFWRUJLYHQ LQ
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 gi NNN    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+HUHNi LV WKHQXPEHURIF\FOHV IRUFUDFNQXFOHDWLRQ DGHIHFW OHQJWKRIaiDQG LVFDOFXODWHGXVLQJ WKH IDWLJXH
HQGXUDQFHGDWD(TVDQGIRUSDUHQWDQGZHOGUHVSHFWLYHO\JLYHQLQ(T
  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NgƍLVWKHQXPEHURIF\FOHVWRJURZWKHFUDFNIURPVL]HaiWRa0N’gLVDIXQFWLRQRIWKHQXPEHURIF\FOHVIRUFUDFN
JURZWK NgDQGSDUDPHWHU0ZKLFKLVJLYHQLQ6HFWLRQRI5YLH
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3.7.3. Total creep and fatigue damage for crack initiation 
7KH WRWDO FUHHSIDWLJXH GDPDJHDt FDQ EH FDOFXODWHG E\ DFFXPXODWLQJ WKH FUHHS GDPDJHVDc IRU HDFK ERLOHU
LQVWDELOLW\PRGHVDVHULHVRILQVWDELOLW\WHPSHUDWXUHVDQGGZHOOSHULRGVDQGWKHIDWLJXHGDPDJHVDf IRUHDFKVHUYLFH
F\FOHLH




















4.1. Effect of cyclically enhanced creep 
7R OLPLW FUHHSGHIRUPDWLRQ UHVXOWLQJ IURP WKHHQKDQFHPHQWRI FUHHS VWUDLQVE\F\FOLF WKHUPDO ORDGV WKHFUHHS
XVDJHIDFWRU:VKRXOGEHFKHFNHGDQGLVOHVVWKDQXQLW\UHI>@:LVDIXQFWLRQRIWKHFRUHVWUHVVVFRUH5Y
6HFWLRQ  SURYLGHV DQ DSSURDFK WR GHILQH WKH FRUH VWUHVV EXW LW LV RQO\ VXLWDEOH IRU WKH VLWXDWLRQV LQYROYLQJ
FRQVWDQW SULPDU\ ORDGV FRPELQHG ZLWK VHFRQGDU\ ORDGV ZKLFK DUH ]HUR GXULQJ VWHDG\ RSHUDWLRQ 7KLV SURGXFHV
HVVHQWLDOO\WKURXJK@ KZDOOEHQGLQJVWUHVVHVDFURVVWKHVHFWLRQRILQWHUHVWGXULQJWUDQVLHQWV7KHUHIRUH)(DQDO\VLV
VKRXOGEHFDUULHGRXWIRUWKHVWHDG\VWDWHFRQGLWLRQWRREWDLQWKHFRUHVWUHVVDQGWKLVZRUNLVVWLOORQJRLQJ












7KLV SDSHU RXWOLQHV WKHPDMRU FKDQJHV JLYHQ LQ WKH ODWHVW UHYLVHG 5 YROXPH  SURFHGXUH IRU SHUIRUPLQJ D
FUHHSIDWLJXH FUDFN LQLWLDWLRQ DVVHVVPHQW IRU ZHOGPHQW 7KH QHZ SURFHGXUH LQWURGXFHV WZR IDFWRUV:HOG 6WUDLQ
(QKDQFHPHQW)DFWRU:6()DQG:HOGPHQW(QGXUDQFH5HGXFWLRQ:(5IDFWRU7KH:6()DFFRXQWVIRUWKHHIIHFW
RI ZHOG JHRPHWU\ DQG PDWHULDO PLVPDWFK EHWZHHQ WKH ZHOG ]RQHV DQG WKH:(5 DFFRXQWV IRU WKH UHGXFWLRQ LQ




WR WXEH7\SHZHOGV7KHZHOGV DUH VXEMHFWHG WRSUHVVXUH V\VWHPPRPHQW D[LDO ORDG DQGERLOHU WHPSHUDWXUH
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